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6329i-26Gl 

Thin invention relatca to a method and apparatus tox 
heating an elongated space or a location cott tvii.nl n<» an slongutod 
neuter. Kore pErti&ulariy, the invention relates to *m alecrr.r J.caJ 
resifltancse heate.r for heating an elon<tato<i suDtotrancan fsorohoio 
All ratOL which ore different at- different depth*? nf the borehole, 

;tt J. ft Jcnowti to be* tic-hoiiciai to u«* aLongat<id heaters 
uudh well heaters, for heating interval* ot subterranean earth 
f oxfflftt Ions, plpo Interiors, or other elongated spaces. In various 
rfitucitiona, it is desixable to heat such epacea at. relatively high 
10 teBipeJCfttuTrea tor relatively ions tiaetf, Beneficial results 
obtsiuod by eooh heatincj may include pyrolifciog oil sli*le 
formations, coking oil to consolldato unconaolidAtod roftozvoljr 
tonnafclo/is , coKing oil to form electrically conductive carbonized 
zones capable of operating ae electrode* within ft reservoir 
formation r thermally displacing hydrocarbons derived fro* oils or 
tsra into production Locations, preventing for»aliott of hydrat<nj, 
preu J.pitatcs, or the like in fluids which are being produced from 
wsIIb and/or traixsiUtted through pipes, or tb* LiKc. 

The invention aiw.a to provide a heating y.nparatua vhich 
20 is capable of generating heat at different rates flit different 
depths in a well. 

In accordance with the invention there Xb provided in a 
procesB in which subterranean earth formations within an intorv?il 
rr.oro than 100 feet long are heated to a tenperature of more than 
600 0 C, ao that heat is injected frubetantiai.Ly uniformly ixito that 
interval '< an improvement for constructing and installing a beater 
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having em el*<: trica.l cable heating section which ts free of 
Kp.Hces, coupiising; cotitftiutftiiitf suicl heating cnblo section by 
compre asive Ly «wagin<i at least- one portion of a }uaotion-:tt$e 
electrical heating cable to reduce itu situ at said at luaut one 
portion, scid cable ia at ieaar. aa long &B the. ftarth formation 
interval to be heated and comprise;; an axiiilly alluricd, malleabLo, 
electrically conductive core surrounded hy granular mineral 
insulation within a metal ohoath, ao that a Veiled portion ffoneratee 
heat at a rate higher than the unavaged portion; correlating the 

ao location ot said swaging with the pattern of heat conductivity in 
the earth formation interval bo that at leapt one oompr* 8 lively 
swaged portion of the cubla t* located alonj tha cable in & 
position even that, when the cable 1b extended along the earth 
formation interval to be b<iatoa\ the coaipresAivuly swag o 4 gorttoti 
is adjacent to a portion of the earth formation interval in which 
die heat conductivity is rel&ttvoly high* connecting said 
selectively swaged heating cable section to at least one power 
supply cfxble and spooling tbe interconnected cable a? and 
unfjpocli/ig the interconnected cables into a veil bore along with a 

2D weight-supporting metal conduit. while periodical ly attaching the 
cables to the conduit and extending the cables and conduit to a 
depth at which the con.preaaively swaged portions tif the cable are 
positioned adjacent to tUo earth lormatiena having a relatively 
high thermal conductivity. 

The invention will now he expLain«a in more detail wa tn 
reference to the accompanying drawings, in which i 
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risrura J is a thiree-diniejiDioiiEil i lluatxatiou of an 
electrically conductive cahie c?f»nt?,in.iu<r staged and nn^vati&d 
portions suitable for use In the 9 recant invention. 

Slgur* 2 aohe^acioftUy illustrates tfce in&to.lling at an 
oluctrlcal xaaiatanca heater with in the well in accordance with 
the present invention. 



2a 

'P- 
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Figure 3 3fccwo a splice between a metal-^ahaatfioct it«JUj.ft<r>?d 
powjr supply cable and a ratal-shrjfttted insulated cable suitable aa 
a heating eleroent of the present invention. 

Figures 4 aud & illustrate splices for electrically inttir- 
5 connoting the covkictdve cores of a pair of nvetaL-sheattoes) mineral- 
insulated heating cables suitable us bolng cables in the present 
Invention. 

figure 6 abeva an olcctrjcal power supply circuit, suitable foa- 
use in the preeent invention. 

IjO ' tt^j preeent invention Is at least: in part premised on a 

discovery that the propertio& of an electrical ccndcctor {cnadn as a 
ratal-sheathed solid jraterjal--in£ulsu;d electrically conductive 
cahie containing a single copper coro) are sur:h that results of an 
application of oon?>res3ivo svraging to tha oitsidtc of the metal 

15 sheath are transmitted through the ineulatica to the* oore of: kite 
cable in a manner such that oacft of these: concanesits ara 
substantially simltaiieojsly reduced in crr^s^seL-tiunai area by the 
swro rotative amounts. Tne reductions In tine cable core croos- 
aactianal Area can be controlled to cause the swage*! portion of the- 

20 cable to generate a significantly higher scaont of heat per unit 

time than tbafc which would hare been gor-crated without the swaging, 
Qvwi at a substantially lower temperatora. 

In a preferred eotoocSftnent of the invention, such ft swaging is 
dot>& by a procoss of rotary swaging, amcunting to ocupressiruj tha 

2*5 coble with many b]jOWG applied by rotating dies, Rotating swaging 
devinaa and techniques &ro knc*;n and ccunjencially available*. Such 
inachinaH coarconly ccntaJ.n .two dies which reciprocate rapidly as a 
spindle in which tftay aau mcHJintod lG rotal^L * ccoipresaive rotary 
swaging operation invnlvea a barrcnsring action which has tt«s saice 

30 b£inoficlal materia], on metal as forging. It produces a desirable 
grain, structuro result ittg in an increaaEd tenBilo strength aivl 
elasticity. The co 1x1 (in tenpera ture ) swegincj tandB to work harden 
croflt jiatallic materials- If desire , such a hardening <\nn b2 iceste 
mare flexible by annealing. 
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in a rotary swagir/j opera tica, the extent to wtrich the 9wags3 
material ja reduced In cro6.*-se^i.cnai area can lie controlled very 
accurately. Per essaypla, slnoo a cnetal-flbaatbed aolid material- 
insulated noppsr-cooKi cdCCtrj/^J.ly^cxmdurtivc oab.le behavp.B as a 
5 yjdid ipatcrlaX during a rotary swaging operation, such a cebte 

having a dle/nater oS trccn about 0.69 to 1.25 an can be avaged to a 
reduced diairotar with au accuracy oJ: about pl.ua or mimm 0.0025 cm. 

Z-'igure 1 illustrates swaged and unswauged portions of a' cable 
preferred fear uau in the present invention. In tlie cable show, a 

10 atainiosa steel aheath 2 SUrrcuAds a ndneral insulation 3 

consisting of highly oornpressed grains of iragneaium oxide and a 
Holid ccrxiuctive cere 4 of substantially pore ccppGJr i& 
concentrically ^urraundfcd by the Insulation and aheath. In a cable 
of the type abawn P where tttft inner and cutor djarnetera of the 

IS Bheath 3 <iro 7.25 and S rcrn and thu dianotor of the cos* * ia 3 nn, 
iu the unswaged portion, the csb.la may ^isratB a temperature cct 
about 600 q C when conducting 180 enpentieg of alternating current, 
Howwr, ii\ a swaged portion of t]« cable having a diaoatcr reduced 
by lfis, a beflrperafcire af about 850 *C is gerftrabad wheel tho cable 

20 \a occiductirjg the sarca <*jrrent in tho saine environment* 

In a oro£erred eahodurent, the pres&nt invention, can be 
utilised for providing a formation- tailored method and apparatus 
for unifarmiy heating lcog interval a of subterranaan earth 
formatxona at high tciqporature . *conrdinq to this /tethed 

25 sii>texraneart intervals are heated with an electric heator 

containing at .leant one spoolable stoei-sh#&.thei mineral- insulated 
cab Is having a stolid oantrai core of high clerical conductivity. 
Such u uoblo can be arranyeS to heat thfi earth ficoia Ciena ao that 
haat i*i transttiLtted into the f conations at a substantially uniform 

3D rate r evert when the heating involvea note than about. 330 watfca per 
cnatre at tesnpardtOrOS between about 600 and L000 *C. The uni^csrndty 
of Uia bent tmn£foib'5ian is ensured by providing the heater wfth a 
pattern of electrical resistances with dgrpth within the well 
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oort**lat£d with the patceru of heat ooradLictivity wi<:h <£ffpth withiti 
the wMaxxindin? earth formation g * 

Figure 2 shown o preferred eu'brviiireiit of a wall "neater of the 
present invention balng installed within a wall. Aff 'ihcww a pair 
^ of selectively swevjati haatcr osblea with swaged and unswayed 

portions ot tbe type ^icwn in Figure .1 are beirg on pooled i.noo a 
>oll from spooling cneaxia 5 ciftd 6 while a support ircsnter 7, &ucb as 
a wire lino or spoolable metal Dondiiit/ is oonovrently unapoolod 
into the well fran a spooling rceana (not shewn) . The .lower end of 

ID the support neans 7 is attached to a motor mwjui 9, ?^ as a 

sinker bar for a vertical well or a pLrtipetble or other icoconr treana 
£br a substantially horizontal wU. The lower ends oJ: the bating 
cable, ovaged portions lb/ are mechanically attached to A cable 
junction or end^ennectoar 9 in v-hlch the ccntfuctive. ozxeb aro 

15 electrically tnte^ccxipectejd (as shewn in acre detail in Figure 4> . 
'£ba juration 9 la also niechanically oonnscted to the support irenbei- 
7, for &cmpb3 by a strapping means 12. The lewar oa\ds of the cable 
parti coa, vihich Are swaged for increased heating, arc electrically 
interconnected in the end connector 9 and positioned to oxtcrd " 

?0 through tha zone eesletftad ror reooivirjg the increased beating. 

tl*a rmawaged porticos la of the heftttr<? cables, designed £or 
minimal hsati.ng along the* sons to be heated, are positioned to 
extend above cbe swaged portions Lb for A distance sufficient to 
reach a zone which la cool enough for an intcrocariec't-'ion of tlie 

2-5 heating cable porticos La with pewar supply cables 10 by meana a±' 
Joints or splices 11 for electrically and luadiohically inter- 
c^Tipctiwr the powar supplying ar4 beating cafaltia. Tho pewer aapply 
cables 10 ore arrcirtjed for carrying a .selected amount ol current 
while, generating only a nviniiral cCQOunt of heat, Tna details of 

30 suitable mechanical and electrical cable connecting joints for ubd 
with metal-sheathed mitral-insulated power supplying cables .ire 
illustrated in Figure 3« 

PS the boating and power supply cables 1 and 10 are run intn 
tna wall , along v;lth tJie weight-supporting strand ? * the cables are 
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periodically attached to the strand 7 by TyeanB of clones or 
3 trapping cue&ns 1.2, Such clanpts iiro arranged for creatiixj <* 
frict.ion tetwecn the cables and strand which lb sufficient to 
support the ueignt of 0\e lengths of the cables wretch axe footed 
5 between the clanps. 

Figure 3 illustrates details ot preferred arran9eoentH of 
splices 11. As shewn, ths power supply cabld 10 haa a cnstal sheath 
L4, such as a cepper sheath, surromliug w insula ted olectrically 
ccnfSuctiv» core 13 having a cccrbinatlon of crcsB^aecticnal area and 
10 electrical res i starve per unit OJ: lengch adapting it to carry i^a 
current to be used in the beating operation while generating only 
an insignificant araoune of heat* A» shewn, the power cable sheath 
14 aa well as a pewer cable care 13 sxo larger Chan the sheath 2 
and core 4 of the unsxeigod port.icn of heating cablo la. The 
15 aan3uctive cores of the cable are electrically interconnected, 
preferably by vsJding* .In general, the pewsr cable can surprise 
substantially any typft of electrically conductive cable which S3 
adequately heat stable at the tarperoture generated by tho minimum 
heating portion of a boating cable such as Ifl, Wiere rbe KQxixmm 
20 selected nesting ten^erature is sufficiently lew and/or tlv* 
distance batween the pewer supply and zene to ho boated io 
ado<iuately short, the pedes' supply cable can nccrpri&y a irotal* 
sheathed mir^ral-infeaiatacl ^li<V<arod cable which is sQlfiOtJvely 
engaged to provide tto elected beating ten^erature so that no 
?5 splices stach aa splices 11 oro needed. 

A3 3bown in Figure 3, a relatively short sleeve 15, such as *a 
steal firlt'«ve, is fiitted around and welriod or braced, or otherwise 
irashanicalLy attached, to the sheath 14 of the power cable 10. tho 
-g leave 15 i $ preferably selected to huva cji inner dj.ajrcter forming 
30 an annular s^eco botwoen .it anS shaafcb 2 large* Bncugh to 

Aooanrcxlate a Bhorter steel sleeve 16 fitted around the sheath of 

cable la. In a praiurrcd asseiibling prradune, baforo inserting 
tho short .sleeve 16, substantially all of the annular epaca between 
the cable core TTKifcera 4 and 13 and sleeve 1.5 ia filled with a 
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povdereri minaral insulating material such as iragoeaium oKidc, The 
insulting material i& preferably deposits v/ithiri both hhe annular 
space between th& cable cores and the eleeve 15 &s we.U as the 
spaoe between the sIkbvc 15 and the shsath 2 cri th*2 oable la, and 
ft vibrated to ocirpact the nu-iiss of particl.es* Cleave. 16 oan tlien be 
driven Into tre spaua between the sleeve 15 ar>d sheath 2 93 thar. 
the mass of tfdJiera.l insulating t*>rticle3 in compacted by the 
draving fores. Sleeves 15 and IS and sheath 2 are then welded or 
braised together. 

10 Figure <1 illustrates details of on end connector or splice 9. 

As show, cables lb arts cKtanded thrmicjh holea ia a steel blnrk 9 
so that short sections lc extend into a cylindrical opening in tlie 
central port ton of tlia block- Die electrically conductive oqres of 
the oableg axe welded together at veld 17 anS the c&b.la shoaths are 

1? wetdsd to block 9 at we Ida IB* Preferably, the central condactors 
of the cablos are surrounded by a heat etsbiG olectriccU inflation 
such as a ciitiss of compacted pewderfcd mineral particles and/or by 
disc? of. ceramic materials (not shewn) , after which the central 
opening is sealed , far example*, by weldiTig-cn piersaa of a teal (not 

20 shown) . Where the heater is supported t as shown in ?igura 2, by 
attaching it to an elongated cylirxirical structural member 7, a 
groove 19 is preferably formed along an exterior portion odE end 
spixoo 9 to crate with the structural meaubor and faci-licata the 
attaching c4 the end piece bo that member, for example, by a 
strapping rtewis 12 « 

Tigure 5 shows a preferred type of end connector which 
climivateB the nee3 for cutting and warding a heater aiblje to form 
a pe-ir of heater cabi&s, such as cable* IS* 'its heater cable is 
simply bsnt into- a U-turn and inechanloally cianipad to block 20 by a 

30 bol ted-on cltfjnrdng plate 21. Tho bloak 20 is preferably provided 
with groove 2?. to facilitato trjQ c.tanping of it to a cylindrical 
structural maifoer surrh aa the cylindrical tnerabor 7 shown in 
Hicnira 2. 
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in <jencral, rhs power supplying elements cm ccarpriet; 
substantially any or IC sy&tam capable of causing a bautor of 
tba present type heat at tho selected relatively hiqh rata. Such 
a beating rata can be about 33D warttc par metre or roar*, 
5 Figure 6 is a diagram of a preferred arrangement at 

alternating currant electrical rower supplying elonente suitable* 
ftrr the present typo of heater, This arraxirje/ftsnt Includes two 
inverse, parallel, siZioan-cmtrolltsd rentifierB <9CHs) in the 
circuit a. of totfi elements ocf a twcH*l«nesifc heater. In such a 
tio balanced system tha b&ater legs should be of; equal resistance so 
that tha cable coce junction, paint A, (within end ocmnecbDr 9) can 
ranain at 2oro voltage or virtual ground potential. The sheaths of 
tha beater cables are connected to tha grounded centre rap of the 
trans fioKHtsx swenndary. Since point A represents tho welded 

13 ccanoction within the end pifcOG 9, trie poeential different^ between 
tho connect ion and the housing will bo zero Cor all practical 
purposes. Thsse points onuld bs in electrical contact without Any 
conduction of current* At points advancing upward alcog the lege of 
the heater, the potential differeix» bstawe&n tho shaaths and the 
20 central <tooc5uctor can increase and finaLiy reoch cnaximuiiB sudh **a 
plna ctr minus. 240 V. 

Xn various &i tuitions in which an elongated space la to be 
heated, tiie in aitu thermal conduct ion ^ vary flignlfiuoritiy 
vithin various iayiars or looatjbons aia*? that space. A mora hoat 

25 oond» active layer will carry off t)w hoat generated by a heater 

I aster than a less conductive layer. &a a rtsult, the tenp^rature 
irtQintained by an alectrical rci&istancCi lldi&ter carrying a given 
ametnt of current will be Ijower apposite u mors conductive layer . 
In situations in which it is desired to maintain a tiAt or uniform 

30 heating rat© along the space betag heated, it ia desirable to 

reduce tbe heater oare cxoss-sscticnal area in order to generate 
heat at the aarne rate as thiit in o*J\cr portions of the heater which 
are 1 -otter. 
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An electrical tRBistaitco hoater can be caueud to ^icrate 
selected heartirvir raV-ea at different locations alocig tha heater )ry 
iFiStallio;; hoater sections containing conductors of varying eras?,- 
sections. *.ttie tyuaLljeo- core or coovductor cross-sections exhibit uore 
5 rosiatar-rfCH to thu electrical current flew aud thus generate heat at 
a rate higher than weald be gar-crawl by a thtckor core at the. earra 
tensor ature. Par exanple, it can heat at a selected rate at lower 
temperature existing along a relatively nore he tit caxSuct.ive layer 
or sene viUUn the sp^cs iwirvg heated, 

\0 Ths present invention provide? a method o£ causing a heater 

iwirjg an olectricallv conductive cox* which ia continuous and 
unitary to generate ccnatant and/or selected aaramta of heat alexvg 
one m; a multiplicity of different portion!* of the heater without 
requiring a jxoltitude of heating cable splices. Particularly where 

15 the heating is to ba conducted at- relatively hiqh tcn^eratiTraa fbr 
long times, velding problems and cpportonitieB far loakage are 
inherent in any cutting and slicing of electrical haatlngr cables 

Itj respect to a>\ electrical resistance Snaater ccoprising a 
pair of electrically iutrcrcramactad ratal-sheathed solid mtcxial- 

20 insulated cable* each containing a malleable metal electrically- 
conductive core, foisr sets of rnfcary switching dies cap ba arranged 
for pxwidlny ycrcentagea of tfiatrstrical rGdtocticns ot 6, 12, IB 
and 24 in thfc initial overall diameter of <3aoh cable and its 
ccmrbartive oarc. By reducing f^e portion of the- cable diameter by 

:yj 5% and another by 12% , the overall reduction is . ity such 

procedure? f tl>= overall cress-sscticoal reductions for ix>th legs of 
the hsatiex can fce provided in aigfrfc steps of roughly .105 each. Por 
oxaRple, see tfhe following table: 
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DIAMETRICAL REDCCOTW 


ORCSS-f^EOTraiAL REDUCTION 


(\) 




w 


L9G I 


LEG 2 




0 


6 


11,6 


6 


6 






12 


M.2 


12 


12 


45, i 


12 


1.8 


55.3 


18 


L8 




1.8 


24 


75.0 


24 


24 





m sush a procedure, if the $bcve-deseribai praforrtxi) pcwsr 
supply is bo be ujbscI, it is mcsssary that each leg of fcjio heater 
after reductions iu its ccrre di^creter have art overall reeiatanco 
equalling that of the OtJvec leg after redSuctiono in it 3 ccecs 
S diruDEtet\ This is noces^ayy to en cure tho tero voltage potential of 
tha interoonnactedl ccauJuctora in the end piece. T^us, it ia 
necesgaxy to divide the overall extents of electrical core 
reductions evenly over both langtlra of tha heater, 

Substantially any occira'os^ive svsefir^ p*ora<3ura which is or J.3 
10 substantially equivalent to rotary swaging con suitably be used in 
practising the present invention* acainoles of svaging mchinas 
atnd/or techniques which c*cn. suitably be used are inclusive of diti 
closing awagitt? machines, such as those jr^nuf aorxired by Tha 
TorrXr^jtco Cu:npany r or Abbey /letna ^ chine Cbtrpsny <sc term 
t.5 Manufacturing, etc. 

fewer supply cablets capebLe of trsnsnittijig tha amount of 
•jurrent selected to ba used whlio generating emLy a relatively 
Insignificant arrount of haat and havtn?/ sufficient thermal 
stability for electrical and rtochknicel atiiactamant to tlui mortal 
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sheathed cable scluoted for qpenerating a tai.niflr.iJO arrcunt of heat can 
suitably be used in this Invention. Exanpieg of suah cables incluria 
those ava.i.l3b3a ay QJjOC/Pyrotcnac (41 rabies. 

In general P in a situation In which an electrical ronduntor 
5 read not be Insulated, the present Invent iaa can ba practised wtth 
substantially any elA2.tr ical conductor v/hich ir continuous and 
unitary (i.e. is a ccmtiruioua body free of interconnected ' Sfcgjcants 
ox strands and has a core err oandeceor thickness (i.e. a croas- 
sectiooal area of Die electrically conductive xaterlal) which is 
10 different in different locations along the lorjgth of the electrical 
uenductor. Preferred electrical conductors cxnprisG sine;.!* 
conductive cores of malledble metals or alloya surrounded by a heat 
stahlG eolid jugulated iraterial witlUn a heat arable tt&tftl steath 
such as refractory pcwSar ccr solid fibre insulating materials 
1>5 within copper or stool sheath*. A copper core surrounded by 

powdered iragrwaium oxide within a copper sheath for use at moderate 
temperatures, ox a stainless steel sheath tor use at high 
teirporatureB, ia particularly preOerred, 

In general, the present invention can utiliKOd to inltiabe 
20 and maintain a substantially uniform rate ot lieatirxf along a space 
contaitiirxj at least one portion having a. relatively low rata of! 
heat conductivity and/or CO establish and maintain a relatively 
high rata off bs&ting along selected portions alar*? a space 
. throughout which the rate ocf heat conductivity Is nearly uruforrn. 
25 Ifoe variations in haat cGnriuctavity with di&tanotf along an 

elongated path can be detarwdned by weana of numerous team and 
available devices* and techniques;. 

m a particularly preforml procedure for utilizing tho 
preasnt invention tor heating along a path alov*? which the heat 
30 conductivity is now-wifbem, a selection is nvads of the rata of 
beating bo be provided when an electrical conductor having tha 
ccrr^ceition to bo used is cciyJuctinqr the amount of current to ba 
used within a honjogonocus medium having th& lowest heat 
conductivity to bs exioountcaxd aJcug the path to be heated- The 
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juaxlvow thicknaas for t"ne aLe^trionl ocnductnr to bs used is tfcn 
the tb\c!oieaa which provides that r&to of heacirjg in that 
situation* *ihe thick/icss of portions of the ceo ductal- to be 
positioned along portions of tlv* path which have higher fcaat 
^ conductivities are then jta&s thinner to tin axtont substantially 
iTOT^^nGating for cba more rapid carriuctirag^wety of the beat hy 
those higher haat oatduntivitiias. 

MtematrTely, where it ia desirable to generate heat at 
reUtively rapid rates along portions Of a path to ba heated (for 

■10 example, along tcp and botton portions of a mibterrane&n earth 
fanratim) auch on arrancferosjvt can ba fosda, although the* tout 
ccrjductivity nay be substantially uniform all along tha path to ]j© • 
heated. conductor thickness and resistance to be ue-d nlmg 
most of tJie cab,le cvjnductar arc selects to provide the selected 

15 rate of hasting along a hc-rogeheous material hawing the- luiat 

conductivity oaiwco to float of tha Interval to be KearUxJ. Then, nfce. 
[(ore rapid heating rate a.3cr<g anle^-ted portions of the path can be 
obtained by thinning the portion* of tha conductor to be exttndad 
i.long those portion* of! the pafcb> 
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THE ftKBDDXWttJITS OP THIS INVENTION III WHICH AH EXCLUfiIV3 
PROPERTY OP PRIVILEGE 13 CLAIMED ARE DEPIHBD AS FOLLOWS s 

].. In a procaae In which Bubterraneaix earth EcirwatiouB 

within an interval more tl;a.u 1.0(1 f.eet Long are hOfiCt;^ t\> <& 
temperature ol tnoro that* 600°C. , ao that heat is injected 
substantially \ml torr/.Ly into that interval, an improvement far 
constructing and Installing a neater having an electrical cable 
heating section whtoh la. free of epilog, cofflvriftln?* conatr ustinqr 
sflifi Ils&tJ.n^f cable flection by compress ively swaging at lsaat on* 
portion of a juaotlon-tre e eleotclcail heating c&bl<s to rcduca ltd 
si 2d At Bald at least one portion, said cable Is at least as long 
aa the earth formation interval to ae liaa-ted and comprises &n 
axiaHy a\l.?n«d r nrnlleaDla, olactrically conductive cou» 
surroundad by granular mineral iLneulatlon within a net&i 6h€Ath f 
bo that &uage<l portion crsnsreitea; hoat at a rato hi9her than the 
un&vaged portion; correlating thfi location of 3fticJ swaging vith 
the pattern Of heat conductivity in the aarth formation Interval 
so that at loaat one compresaively swaged portion of the cabl« is: 
located along the cable in a position PJUCh that, *hr>n tho c&b lc in 
extended along tft« earth formation internal to lie heated, the 
coNpraHsivaly sxaged portion is adjacent to a portion of tha earth 
CormaT.ion interval in which tha heat conductivity la relatively 
hlghj connoctlngr said selectively swaged he&tUw cable ftoction to 
at least one power supply cahie *ind iipoolincr the interconnected 
cables j aad unepooling the interconnected a&bfccs; into a Wellborn 
along with a weight- supporting metal conduit vhilo periodical 1y 
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a v. caching tUe cable b to tUft conduit a.ud ax tending thft cables and 
conduit to a d«$t]] at which the coin? c*nsivoiy ftva«ted portions oi" 
the cable -are positioned adjacent no tU« earth torraationp having 
relatival y high thermal conductivity. 

SMART Br BIGGAR 
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A_Q 3 T R A C T 

I EMU KG RATS VARIANT 
ELCRGXnT) ELlXTFtCAti RESISTANCE HEATER 

An electrical rosl.starjce beater capable o£ cpaoarating iveat at 
diffELatit mcs at different locutions a.lct^ ita length crarcptrisss a 
continuous arid unitary electrical oonducbor bawirq a thickwcsa 
vtfiich is Oiffcrent at different locations along its length. 
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